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The exercise response of the ratio of systolic blood pres-
sure to end-systolic volume was studied in 243 patients
with chest pain and coronary artery disease who under-
went supine rest and exercise equilibrium radionuclide
angiography. There was a wide variation in both rest
and exercise variables in this group. The exercise re-
sponse of the systolic pressure/volume ratio also varied
greatly, ranging from a decrease of 59% to an increase
of 136%. Twenty-one clinical, catheterization and radio-
nuclide angiographic variables were examined to deter-
mine their relation to the exercise response of the systolic
pressure/volume ratio; nine variables were individually
correlated with this ratio.
Multiple regression analysis identified the change in
end-diastolic volume index with exercise, rest systolic
blood pressure, coronary artery Gensini score and peak
work load as significant independent predictors of the
The slope of the end-systolic pressure/volume relation de-
rived from left ventricular pressure/volume loops has been
demonstrated to be a useful index of ventricular contractile
state in animal studies (I). The simple ratio of maximal left
ventricular systolic pressure to end-systolic volume has been
suggested as a clinically useful approximation to this slope
(2). However, this approximation has major theoretical lim-
itations and is clearly load dependent (3). Nevertheless,
previous studies (4-6) using radionuclide angiography at
rest and exercise have suggested that the exercise response
in the ratio of systolic blood pressure to end-systolic volume
is useful in the diagnosis of coronary artery disease and may
be superior to the change in ejection fraction from rest to
exercise that is commonly employed. One limitation in the
use of the change in ejection fraction is that it is influenced
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exercise response of the systolic pressure/volume ratio;
the latter correlated significantly with the change in ejec-
tion fraction with exercise (r = 0.73, P < 0.0001). Its
sensitivity for the detection of coronary artery disease
in the study group (84%) and its "normalcy rate" in a
group of 120 patients with a low likelihood of coronary
artery disease (81%) were similar to those of the peak
exercise ejection fraction (75 and 82%, respectively).
These results demonstrate that the exercise response
of the systolic pressure/end-systolic volume ratio is a
complex response that is influenced by several patho-
physiologicvariables in the presence of coronary artery
disease. It does not offer any advantage over ejection
fraction measurements for the detection of exercise-in-
duced ischemia.
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by several pathophysiologic variables, some of which are
not related to the extent of coronary artery disease (7,8).
The purpose of this study was to determine which patho-
physiologic variables influence the exercise response of the
systolic pressure/volume ratio in patients with coronary ar-
tery disease.
Methods
Study patients. The study group consisted of a consec-
utive series of patients with chest pain and angiographically
proved coronary artery disease who underwent supine rest
and exercise equilibrium radionuclide angiography within 3
months of coronary angiography with no intervening clinical
events or major change in symptoms. All patients satisfied
the following criteria: I) significant coronary artery disease,
defined as ~70% diameter narrowing of a major coronary
artery; 2) no previous coronary angioplasty or cardiac sur-
gery; and 3) no hemodynamically significant valvular heart
disease. Mild mitral insufficiency that was considered to be
secondary to coronary artery disease was not a criterion for
exclusion. A total of 243 patients (37 women and 206 men)
0735-1097/87/$3.50
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were included. Their median age was 58, with a 25th per-
centile of 51 years and a 75th percentile of 65 years.
The "low likelihood" group consisted of patients who
underwent exercise radionuclide angiography during the same
time period and satisfied the following criteria suggesting a
low likelihood of coronary artery disease: 1) age <50 years;
2) nonanginal or no chest pain; 3) nonischemic exercise
electrocardiographic (ECG) response; 4) peak exercise heart
rate ~ 120 beats/min; 5) rest ejection fraction ~50%; and
6) no hemodynamically significant valvular heart disease.
One hundred twenty patients met these criteria; none of them
underwent coronary angiography.
Exercise protocol. All studies were performed with the
patient in the supine position. Three electrocardiographic
leads were monitored continuously and 12 leads were re-
corded every minute to monitor ST segment changes. Blood
pressure was measured in the right arm with a sphygmo-
manometer. The patient's red blood cells were labeled using
30 mCi of technetium-99m. Either the in vivo procedure
(9) or the modified in vivo method of Callahan et al. (10)
was employed. Acquisitions were gated to the patient's elec-
trocardiogram and collected at 16 frames/cardiac cycle. After
an angiogram at rest, supine exercise was performed on a
bicycle ergometer (Quinton Instruments). Subjects began
exercise at a work load of 300 kilopond-meters per minute
(kp-m/min). The work load was increased every 3 minutes
in increments of 300 kp-m/min. Exercise was continued
until one of the following end points: 1) moderate chest
pain; 2) marked electrocardiographic changes (~0.2 mV of
downsloping or horizontal ST depression); 3) serious ar-
rhythmias; or 4) severe fatigue. The exercise electrocardio-
gram was considered positive if there was at least 1.0 mm
of horizontal or downsloping ST segment depression 80 ms
after the J point. In the presence of rest ST segment depres-
sion, 1.0 mm of additional horizontal or downs loping ST
segment depression was required. Repeat radionuclide an-
giographic acquisitions were obtained during the last 2 min-
utes of each exercise stage. A blood sample was obtained
immediately after exercise for cardiac volume determina-
tions.
Data processing. Radionuclide data were processed us-
ing a commercially available computer and software (Med-
ical Data Systems) and previously reported techniques (11).
The left ventricular region of interest was identified in each
frame using a second derivative technique. A background
region was chosen 5 pixels lateral to the left ventricular
systolic region. Ejection fraction was calculated from the
background-corrected left ventricularcounts versus time curve.
End-diastolic volume and end-systolic volume were de-
termined using a count-based method (12) and a previously
reported regression equation from this laboratory. The end-
diastolic volume index was determined by dividing end-
diastolic volume by body surface area. Correlation coeffi-
cients for end-diastolic and end-systolic volumes determined
by this method compared with contrast ventriculography
have been previously reported as 0.85 and 0.94, respectively
(13). The SEE for end-diastolic and end-systolic volume
was 28 and 18 cc, respectively.
The change in end-diastolic volume index (EDVI) with
exercise was defined as exercise minus rest end-diastolic
volume index. The pressure/volume ratio index was defined
as the ratio of systolic blood pressure (SBP) to end-systolic
volume index (ESVI). The exercise (Ex) response of this
ratio (ERPV) was calculated using the definition of Dehmer
etal. (4):
ERPY = (Ex SBP/Ex ESYI)/(Rest SBP/Rest ESYI)
Ex SBP Rest ESYI
---x ----
Rest SBP Ex ESYI
Thus, an exercise response> 1 indicates an increase in the
pressure/volume ratio with exercise and an exercise response
< I represents a decrease. Oxygen consumption CY02) at
peak exercise was estimated from the formula (14):
. (2 x kp-m/min) + 300
YO" = .
- Weight in kg
Coronary angiography. Selective coronary angiograms
were obtained in multiple left anterior oblique and right
anterior oblique views employing caudal and cranial an-
gulation when necessary. The degree of diameter stenosis
was assessed in each of 15 major segments (15). The coro-
nary artery Gensini score was calculated using a previously
reported formula (16). The number of diseased vessels was
determined by defining ~70% diameter narrowing as sig-
nificant.
Statistical techniques. Twenty-one clinical, catheter-
ization and radionuclide angiographic variables were ex-
amined to determine their relation to the exercise response
of the pressure/volume ratio (Table I). Univariate correla-
tions were determined for each of the individual variables
with this ratio. Multiple regression analysis using the SAS
software package (17) employed both a forward stepwise
algorithm and a backward elimination algorithm to deter-
mine an optimal multiple regression model for the ratio (18).
An F statistic with a corresponding probability value of
<0.01 was required for a variable to be included in the
model.
The sensitivity of the pressure/volume index and ejection
fraction measurements was computed in the study group
patients (pts) using the formula:
No. of pts in study group
with abnormal test
Sensitivity = ----'--------
No. of pts in study group
The "normalcy rate" was computed in the "low like-
lihood" group using the formula:
No. of pts in "low likelihood"
group with normal test
Normalcy rate = . .."No. of pts m "low likelihood group
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Table 1. Clinical, Catheterization and Radionuclide
Angiographie Variables Examined
Age
Body surface area
Rest heart rate
Rest ejection fraction
Rest pulse pressure
Rest systolic blood pressure
Rest end-diastolic volume index (EDVI)
Rest end-systolic volume index (ESVI)
Rest pressure/volume index
Exercise heart rate
% Predicted maximal heart rate achieved
Peak work load (kp-mlmin)
Estimated oxygen consumption
Change in end-diastolic volume index
Number of diseased vessels
Coronary artery Gensini score
% Stenosis left main coronary artery
% Stenosis left anterior descending coronary artery
% Stenosis left circumflex coronary artery
% Stenosis right coronary artery
Presence of beta-blocker therapy
The sensiuvity and normalcy rate of exercise pres-
sure/volume response and peak exercise ejection fraction
measurements were compared by entering both variables in
a logistic regression model (which included variables used
to select the "low likelihood" group) to distinguish the
study group from the "low likelihood" group.
Results
General. The study group demonstrated a wide range
of rest and exercise performance (Table 2). The median rest
heart rate was 66 beats/min (range 44 to 117). With exercise,
the median heart rate increased to III beats/min (range 57
to 196). Rest and exercise systolic blood pressures and es-
timated oxygen consumption (expressed in cc of oxygen/kg)
Table 2. Rest and Exercise Performance in the Study Group of
243 Patients
Median Range
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Figure 1. Hislograms showing the number of patients with dif-
ferent values of exercise response of the systolic pressure/end-
systolic volume ratio (ERPV). Values> I indicate an increase in
the ratio with exercise and values < I represent a decrease. The
median value was 0.99.
all showed similar wide variation. The median rate-pressure
product (heart rate X systolic blood pressure) achieved with
exercise was 17,640: 25% of patients had an exercise rate-
pressure product that exceeded 21,760. Positive electrocar-
diographic changes with exercise occurred in 132 patients
(55%), chest pain with exercise occurred in 124 (51%).
A wide range of exercise response o{ the systolic pres-
sure/volume ratio was observed. The minimal response was
0.41. that is, a 59°;() decrease. and the maximal response
was 2.36. a 136% increase. The median value was 0.99
(Fig. I); the 25th percentile was 0.80 and the 75th percentile
was I. 21.
Univariate analysis. When all 21 clinical, catheteriza-
tion and radionuclide angiographic variables were consid-
ered individually, 10 were individually correlated with the
exercise response of the systolic pressure/volume ratio (Ta-
ble 3). All except peak work load and estimated oxygen
consumption demonstrated an inverse relation to the ratio.
The single most important variable was the change in end-
diastolic volume index (Fig. 2). An increase in this index
with exercise was associated with a decrease in the pres-
sure/volume ratio. One-quarter of the patients showed in-
creases in left ventricular end-diastolic volume index of?: 19
ERPV = exercise response of the systolic pressure/volume ratio; O2
= oxygen.
Heart rate (HR) (beats/min)
Rest
Exercise
Systolic blood pressure (BP) (mm Hg)
Rest
Exercise
Exercise HR x systolic BP
Estimated O2 consumption
(ml 02/kg per min)
Rest pressure/volume index
ERPV
66
III
140
162
17.640
16.5
3.1
099
44 to 117
57 to 196
90 to 220
100 to 240
6,000 to 39,120
3.9 to 39.8
0.3 to 14.2
0.41 to 2.36
Table 3. Variables That Arc Individually Correlated With
Exercise Response of the Systolic Pressure/Volume Ratio
---
Change in end-diastolic volume Index
Number of diseased vessels
Coronary artery Gensini score
Rest pulse pressure
Rest systolic blood pressure
% Stenosis left main coronary artery
'ft: Stenosis left anterior descending coronary artery
'ft: Stenosis left circumflex coronary artery
Peak work load
Estimated oxygen consumption
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Figure 2. Cumulative frequency of exercise response of the sys-
tolic pressure/volume ratio (ERPV) for groups of patients with
differentvaluesofchange inend-diastolic volume index (IlEDVI).
Patients with greater increases in end-diastolic volume index with
exercise had significantly lower values of exercise response of the
systolic pressure/volume ratio.
Figure 4. Cumulative frequency of exercise response of the sys-
tolic pressure/volume ratio (ERPV) for groups of patients with
different values of restsystolic blood pressure(RstSBP). Patients
with higher rest systolic blood pressures had significantly lower
values of exercise response of the systolic pressure/volume ratio.
ERPV
< 0.000 1
p Value
< 0.000 1
<0.000\
< 0.000 1
28.3
19. \
16.0
F
124.2
systolic pressure/volume ratio . Forty-nine patients (20%)
had a systolic blood pressure of ;::: 150 mm Hg. The median
exercise response of the systolic pressure/volume ratio for
this group was 0.84 (25th percentile 0.75, 75th percentile
0.99) (Fig. 4). Those patients with a lower systolic blood
pressure at rest had a significantly greater exercise response
of the pressure/volume ratio.
Multiple regression analysis. When all 21 clinical,
catheterization and radionuclide angiographic variables (Ta-
ble I) were considered together, four were significantly and
independently associated with the exercise response of the
systolic pressure/volume ratio (Table 4). The predictive pre-
cision of the model was modest (r == 0.68, P < 0.000 I).
Peak work load was the last variable to enter the model and
was the least significant when adjustment was made for the
other variables. It was the only one of the four variables to
be positively associated with pressure/volume response.
Comparison with ejection fraction. The rest pres-
sure/volume index was closely correlated with the rest ejec-
tion fraction (r == 0.76, P < 0.000 I) . Similarly, exercise
response of the pressure/volume ratio was closely correlated
with the change in ejection fraction with exercise (r == 0.76,
p. < 0.000 I). The sensitivity of the pressure/volume index
and ejection fraction measurements in the diagnosis of coro-
nary artery disease was computed in the study group using
criteria that ensured a " normalcy rate" of at least 80% in
Table 4. Multiple Regression Model
Variable
Change in end-diastolic
volume index
Rest systolic blood pressure
Coron ary artery Gensini score
Peak work load
2.42.01.6
2-vessel disea se (n = 82 )
\ t-vessel disea se (n = 78)
1.20.80.4
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Figure 3. Cumulative frequency of exercise response of the sys-
tolic pressure/volume ratio (ERPV) according to the number of
diseased coronary vessels. Patients with the most extensive coro-
nary artery disease had the smallest values of this ratio.
cc with exercise. In these patients, the median value of the
exercise response of the pressure/volume ratio was 0.80
(25th percentile 0.66, 75th percentile 0.97). In contrast, in
the 25% of patients with a decrease in end-diastolic volume
index of ;:::0 .5 cc, median exercise response of the systolic
pressure/volume ratio was 1.24 (25th percentile 1.03, 75th
percentile 1.55).
Both Gemini score and the number ofdiseased coronary
vessels were correlated with exercise response ofthe systolic
pressure/volume ratio (both p < 0 .01). Patients with single
vessel disease had a higher value of this response (median
1.24) than did those with two vessel (median 1.00) or three
vessel (median 0.93) disease (Fig. 3). Thus, patients with
the most extensive coronary artery disease tended to have
a smaller increase (or decrease) in the pressure/volume ratio
with exercise.
Both rest systolic pressure and rest pulse pressure were
also significantly assoc iated with exercise response of the
100 ,-----------::::;:====::;--;::::::i]
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Table 5. Comparison of Different Variables for Predicting
Coronary Artery Disease
" Normalcy
Norm al Sensitivity ' Rate " t
Variable Criteria (Ckl ( 'Ie)
ERPV 201.4 X4 XI
Change in No change or 6<) X2
ejectio n fraction an increase
Peak exe rcise 204. 5 76 XO
pressure/volume
index
Peak exercise 200. 60 75 li2
ejec tion fraction
Rest pressure/vo lume 202. 5 37 li3
index
Rest ejec tion 200. 50 37 ,.+
fraction
*Based on study group of 243 patients . t Based on "low likelihood "
group of 120 patients . :j:Could not be ca lculated because rest ejection
fraction 200. 50 was a requirement to enter " low likelih ood " group. ERPV
= exe rcise respon se o f the systoli c pressure/volum e ratio .
Pre ssure
Pressure
Volume
E
Volume
the low likel ihood group (Table 5) . The exercise response
of the systolic pressure/vo lume rat io had the greatest sen-
sitivity (84 %) of the exercise measurements. but this was
not significantly better tha n that of the peak exercise ejection
fraction (75 %).
Discussion
The exercise response of the systolic press ure/volume
ratio has been employed in the diagnosis of coronary artery
disease using radionuclide angiography, but the potential
influence of other pathophysiologic variables on this rat io
has not been examined. This study examines these potential
influences in a selected group of 243 patients with angio-
graphically proved coronary artery disease who underwent
radionuclide angiography.
Thi s group demonstrated a wide variation in rest variables
(heart rate , blood pressure and pressure/volume ratio ) and
exercise variables (heart rate, blood pressure , double prod -
uct and estimated peak oxygen consumption). Suc h varia-
bility has been observed in other patient popu lations (7,8)
and presumably reflect s the effects of underlying differences
in anxiety, physical conditioning and vascular tone , as well
as myocardial function . The se variables cannot be controlled
in a clin ical patient population, and confound the interpre-
tation of any exercise variable .
Relation with end-diasto lic volume index. In the uni-
variate analysis , nine variables were individually correlated
with exercise response of the systolic pressure/volume ratio.
The strongest univariate linear correlation was with the change
in end-diastolic volume index , which was inversely corre-
lated with the exercise response of the systolic pres-
sure /volume rat io. Patients with the greatest increases in left
Figure 5. Relation of exercise response of the systolic pres-
sure/volume ratio (ERPY) to original concept of Emax. A, The-
oretical pressure/volume loops under different loading conditions
(R = rest, E = exercise). The line connecting end-systolicpoints
Rand R' has the slope Emax and docs not pass through the origin.
With exercise, end-systolic points E and E' would define a line
with a steeper slope. As shown in B, the simple ratio of systolic
pressure to end-systolic volume at point R is the slope of a line
that passes through the origin. This slope should also increase with
exercise (point E).
ventricular volume with exercise had the smallest inc rease
in pressure/volume ratio . The present analys is doe s not per-
mit any conclusions regardi ng the ca use and effect nature
of this relation. Previous analyses (7,8) have demonstrated
a similar inverse relation between the change in end-diastolic
volume index and the ejection fraction response to exercise
in patients with and without coronary artery disease. The
heart can increase its stroke volume with exercise by both
increasing end-diastolic vo lume and increasing contractility .
One possible explanation for the close association between
exercise response of the sys tolic pres sure/volume ratio and
end-diastol ic volume is that the degree to which these two
mechani sms are employed in an individual patient are in-
verse ly related .
Relation with disease severity. The severity of coronary
artery disease was also an important determinant of the
exercise response of the systolic pressurelvolume ratio. Sim-
ilar findings were reported by Dehmer et al. (4). Patients
with three vessel disease tended to have a smaller exercise
response of the pressure/volume ratio, suggesting that this
variable might be of potentia l benefit in the nonin vasive
identification of severe coronary artery disease . However.
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a separate study from our laboratory (19) has found that
ejection fraction measurements are superior to the pres-
sure/volume ratio responses in this regard.
Relation with blood pressure. Both rest systolic pres-
sure and rest pulse pressurewere correlated with theexercise
response of the systolic pressure/volume ratio. A similar
influence of rest blood pressure on the ejection fraction
response to exercise has been previously reported (8). Pa-
tients with a higher rest systolic blood pressure will have a
higher rest pressure/volume ratio and will, therefore, have
to increase this ratio by a larger absolute amount to achieve
the same percent increase during exercise. A higher rest
systolic blood pressure may also reflect a decrease in vas-
cular compliance, which could alter the vascular impedance
during exercise. Althoughthe slope of the end-systolic pres-
sure volume relation as defined by Suga et al. (I) (Emax)
was not sensitive to afterload, the pressure/volumeratio used
here is clearly load dependent (3).
Relation with slope of end-systolic pressure/volume
ratio (Emax). As demonstrated by this load dependence,
the simple ratio of maximal left ventricular systolic pressure
to end-systolic volume bears little relation to the slope of
the end-systolic pressure/volumerelation (Emax). As shown
in panel A of Figure5, the line whose slope is Emax usually
does not go through the origin. With exercise, as a result
of increased contractility, this line should be shifted to the
left and have a steeper slope. As shown in panel B, the
pressure/volume ratio corresponds to the slope of a line that
goes through the origin. The exercise response of this ratio
is the ratio of the slope of two such lines (lines OR and
OE). The limitations of the use of the pressure/volume ratio
to approximate Emax are obvious.
Limitations. The predictive precision of the multivari-
able model is very modest (R2 = 0.46), implying that the
change in end-diastolic volume index, rest systolic blood
pressure, Gensini score and peak work load explains less
than half the variability in exercise response of the systolic
pressure/volume ratio. Thus, the latter cannot be " pre-
dicted" to a clinically useful degree with these variables
alone. Other unidentified variables must contribute to the
variability of exercise response of the systolic pres-
sure/volume ratio. One of these is presumably the inherent
variability in its measurement, which has not been ade-
quately assessed in any study to date. During peak exercise,
the limb systolic blood pressure may not be measured as
accurately as at rest. In addition , because of complex changes
in aortic impedance and cardiac output, the limb systolic
pressure during exercise cannot be assumed to accurately
reflect left ventricular systolic pressure. Furthermore, as
end-systolic volume becomes smaller, end-systolic counts
decrease, so that the left ventricular boundaries may be
harder to define. Small changes in these boundaries may
have littleeffecton theejection fraction, but a proportionally
greater effect on end-systolic volume. Finally, Konstam et
al. (20) have suggested that red blood cell counts change
with exercise, which would affect the exercise response of
the systolic pressure/volume ratio.
Clinical implications. Exercise response of the systolic
pressure/volume ratio was significantly correlated with the
change in ejection fraction with exercise. It had a greater
sensitivity than the change in ejection fraction in the di-
agnosis of coronary artery disease, but was not significantly
better than the peak exercise ejection fraction in this regard.
Other studies have shown that the peak exercise ejection
fraction is superior to the change in ejection fraction for the
purposes of diagnosing the presence of coronary artery dis-
ease (21) and assessing its severity (22). From a practical
standpoint, the exercise response of the systolic pres-
sure/volume ratio is more difficult to measure than is peak
exercise ejection fraction, because it requires a volume de-
termination that is not routinely performed in many labo-
ratories.
A variable employed to detect exercise-induced ischemia
should ideally be most closely associated withsome measure
of the severity of disease, such as the Gensini score, and
only weakly associated with other variables that are unre-
lated to ischemia, such as, rest systolic blood pressure. The
current study indicates that, similar to the ejection fraction
response, the exercise response of the systolic pres-
sure/volume ratio is a complex response that is indepen-
dently influenced by four pathophysiologic variables. It of-
fers no advantage over ejection fraction measurements for
the detection of exercise-induced ischemia.
References
I . Suga H, Sagawa K, Shoukas AA . Load independence of the instan-
taneous pressure-volume ratio of the canine left ventricle and effects
of epinephrine and heart rate on the ratio . Circ Res 1973;32:314-22 .
2. Nivatpumin T . Katz S, Scheuer J . Peak left ventri cular systol ic pres-
sure/end-sys tolic volume ratio: a sensitive indicator of left ventricular
disease. Am J Card iol 1979:43:969-74.
3. Kono A, Manghan WL. Sunegawa K. Hamilton K. Sagawa K, Weis -
feldt ML. The use of left ventricular end-ejec tion pressure and peak
pressure in the estimation of the end-systolic pressure-volume rela-
tionship. Circulation 1984;70:1057-65 .
4 . Dehmer GJ, Lewis SE . Hillis LD. Corbell J . Parkey RW. Willerson
JT. Exercise- induced alterations in left ventricular volumes and the
pressure-vo lume relat ionship: a sensitive indicator of left ventricular
dysfunction in patients with coronary artery disease. Circulation 198 1;63:
1008-1 8.
5. Iskandrian AS, Hakki AH, Bemis CEo Kane SA , Boston B. Amenta
A. Left ventricular end-systolic pressure-volume relation . Am J Car-
diol 1983;51: 1057- 61.
6 . Osbakken MD. Boucher CA . Okada RD. Bingham JB. Strauss HW.
Pohost GM . Spectrum of global left ventricular responses in supine
exercise . Am J Cardio l 1983;51:28- 35.
7. Gibbons RJ, Lee KL, Cobb F, Jones RH. Ejection fraction respon se
to exercise in patient s with chest pain and normal coronary arterio-
grams. Circulation \98\ ;64:952- 7.
8. Gibbons RJ, Lee KL. Cobb FR. Coleman RE, Jones RH. Ejection
fraction response to exercise in pat ients with chest pain, coronary
JACC Vol. 10, No.
July 1987:33-9
GIBBONS ET AL.
PRESSUREIVOLUME RATIO
39
artery disease, and normal resting ventricular function. Circulation
1982;66:643-8.
9. Parvel DG, Zimmer AM, Patterson VN. In vivo labeling ofred blood
cells with Tc-99m: a new approach to blood pool visualization. J Nuel
Med 1977;18:305-8.
10. Callahan RJ, Froelich HW, McKusick KA, Leppo J, Strauss HW. A
modified method for the in vivo labeling of red blood cells with Tc-
99m: concise communication. J Nuel Med 1982;23:315-8.
II. Federman J, Brown ML, Tancredi RG, Smith HC, Wilson DB, Becker
GP. Multiple-gated acquisition cardiac blood-pool isotope imaging.
Mayo Clin Proc 1978;53:625-33.
12. Slutsky R, Karliner J, Ricci R. Left ventricular volumes by gated
equilibrium radionuelide angiography: a new method. Circulation
1979;60:556-64.
13. Clements IP, Brown ML, Smith HC. Radionuelide measurement of
left ventricular volume. Mayo Clinic Proc 1981;56:733-9.
14. Committee on Exercise. Exercise Testing and Training of Apparently
Healthy Individuals. New York: American Heart Association, 1972:
25.
15. Principal Investigators of CASS and their Associates. National Heart,
Lung, and Blood Institute Coronary Artery Surgical Study. Circulation
1981(suppI1)63:1-1-39.
16. Gensini CG. Coronary Arteriography. Mount Kisco, NY: Futura, 1975:
272-4.
17. SAS Users Guide. Statistics. Cary, NC: SAS Institute, 1985:763-74.
18. Draper NR, Smith H. Applied Regression Analysis. New York: John
Wiley & Sons, 1966:163.
19. Clements IP, Zinsmeister A, Gibbons R, Brown M, Chesebro J. Ex-
ercise radionuelide ventriculography in evaluation of coronary artery
disease severity. Am Heart J 1986;112:582-8.
20. Konstam MA, Tn'rneh S, Wynne J, Beck JR, Kozlowski J, Holman
BL. Effect of exercise on erythrocyte count and blood activity con-
centration after technetium-99m in vivo red blood cell labeling. Cir-
culation 1982:66:638-42.
21. Gibbons RJ, Lee KL, Pryor DB, et at. The use of radionuclide an-
giography in the diagnosis of coronary artery disease: a logistic regres-
sion analysis. Circulation 1983;68:740-6.
22. DePace NL, Hakki AH, Weinreich OJ, et at. Noninvasive assessment
of coronary artery disease. Am J Cardiol 1983;52:715-20.
